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Abstract. In this paper, the results of mitochondrial COI sequences extracted from the Otus manadensis,
typical owl of Minahasa, are reported and compared with COI sequences from other parts of the world. The
results of phylogenetic analysis reveal that there are three distinctive groups of typical owls: (i) the Otus
manadensis (i1) mainland Asia, and (iii) African owls. The phylogenetic topology also highlights that there is
similar clade between Otus manadensis and those from the Philippines, as well as a significant divergence
between Otus manadensis and those of African species (Otus hartlaubi and Otus feae). Therefore, it can be
said that Otus manadensis occupies a unique position in the classification of owls. These results also allow
further research to better assess the taxonomic status of typical owls according to its peculiarities that may
not be identified through traditional taxonomy.
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INTRODUCTION

The taxonomy and systematics of birds are fascinating to study due to their
ecological roles and positions within ecosystems (Whelan et al., 2015). Owls,
belonging to the order Strigiformes, are a particularly well-studied group,
distinguished by their binocular vision, predatory adaptations, and nocturnal
behavior. Owls show a wide distribution and consist of more than 240 species
grouped in two families: Tytonidae (barn owls) and Strigidae (typical owls). In
North Sulawesi, the Owls is identified as Tyto inexspectata and Otus manadensis.
The International Union for Conservation of Nature (IUCN), the global authority
on natural resource conservation, classifies 7yto inexspectata as Vulnerable (VU)
(BirdLife International, 2016a) and Otus manadensis as Least Concern (LC)
(BirdLife International, 2016b) on the Red List of Threatened Species. These
classifications highlight the urgency of implementing conservation measures,

particularly to determine their genetic diversity and phylogenetic relationships.

Research on the genetic relationships and phylogenetic positions of various
owl species has been extensively conducted. Studies focusing on the phylogeny of

the Strigiformes order, particularly using mitochondrial DNA sequences, have
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identified several clades among owl species (Wink et al., 2011; Omote et al., 20.3;
Xu et al., 2016). Additionally, investigations utilizing non-coding control regions,
such as the COI gene, have successfully established classifications within owl
groups (Sun et al., 2020; Zhang et al., 2016; Xu et al., 2016; Hengjiu et al., 2016).
Furthermore, more comprehensive analyses involving complete DNA sequences
have also been undertaken to explore the phylogenetic relationships of owls (Yu
et al., 2021; Kang et al., 2018; Omote et al., 2013; Xiao et al., 2003; Sun et al.,
2016; Xu et al., 2016; Liu et al., 2014).

The Otus manadensis population in North Sulawesi is facing a concerning
decline, emphasizing the need for effective conservation measures. However,
before implementing conservation strategies, a deeper understanding of the
species diversity is essential. Accurate species identification, particularly through

molecular approaches, plays a crucial role in this process.

Analyzing the genetic variation of Otus manadensis, an endemic species of
Minahasa, is crucial as it provides accurate data to support species preservation
through the development of targeted conservation programs (Enriques et al., 2017;
Grzywaczewski et al., 2024; Solonen, 2024). Conducting genetic analysis to
explore the phylogenetic relationships between Otus manadensis and other owl
species from various regions is equally important. Utilizing mitochondrial DNA
(mtDNA) is an effective approach for assessing the genetic diversity of this

distinctive Minahasan species.

The mitochondrial cytochrome ¢ oxidase subunit I (COI) gene is highly
esteemed as an effective molecular tool for identifying species, often referred to
as "DNA barcoding" specifically for birds (Aliabadian et al., 2013; Huang and Ke,
2014; Huang et al., 2015; Chaves et al., 2015; Barreira et al., 2016; Tizard et al.,
2019; Colihueque et al., 2021; Pulgarin-R et al., 2021). It is the standard for animal
DNA barcoding (Pentinsaari et al., 2016; Heller et al., 2018; Antil et al., 2023;
Alam et al., 2024) and is increasingly utilized in DNA metabarcoding studies
(Porter and Hajibabaei, 2018; Ruppert et al., 2019). This gene also plays a key role
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in advancing the understanding of taxonomic relationships among species
(Andgjar et al., 2018; Macher et al., 2018; Deagle et al., 2014; Creedy et al., 2022).
The COI gene comprises a 648-base pair segment of the mitochondrial genome,
offering high accuracy in distinguishing animal species due to substantial sequence
variation between closely related species. Its effectiveness in defining species
boundaries has led to its widespread adoption for species identification, with
researchers relying on a database of sequences linked to taxonomically verified

voucher specimens.

This study involved sequencing a 648-base pair segment of the COI gene
from specimens of the Otus manadensis. The primary objective was to analyze the
COI sequences to assess the genetic diversity within this endemic species. Given
the scarcity of information on genetic divergence in Otus manadensis using the
COI gene, this research aims to provide essential insights that could significantly
contribute to a clearer taxonomic classification of this unique species. The findings
from this analysis will be instrumental in guiding conservation strategies and
enhancing our understanding of the genetic relationships and evolutionary history

of Otus manadensis.

MATERIALS AND METHODS
Ethics statement

The present study was approved by the Animal Ethics Commission of Sam

Ratulangi University.
Samples collection and DNA extraction

Blood samples from four healthy adult Manguni owls were collected from various
locations in Minahasa Regency between April and June 2023. Each owl was
physically restrained by experts for the procedure. A total of 1 mL of blood was
drawn from the jugular or ulnar vein into tubes containing

ethylenediaminetetraacetic acid (EDTA), and the samples were immediately
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stored at 4°C. Genomic DNA was extracted from the total blood samples using the
Genomic DNA Mini Kit (Geneaid, GP100 catalog) following the provided
instructions. A 100 puL portion of each blood sample was processed for DNA

extraction from the cells.
PCR and sequencing

The PCR kit uses MyTag™ HS Red Mix (Bioline). COI sequences were amplified
using the primer pair of LCO1490 (5’- GGTCAACAAATCATAAAGATATTGG
-3’) and HC02198 (5’- TAAACTTCAGGGTGACCAAAAAATCA-3’) (Folmer
et al. 1994). PCR amplification was carried out in Each 40 pl PCR reaction
contained 1x MyTaq™ HS Red Mix (Bioline), 1.5 nmol of each primer, and 2 pl
of sample DNA. Heating was carried out using a TPersonal thermocycler
(Biometra) with an initial denaturation temperature of 95°C (3 minutes) and
followed by 35 cycles: Denaturation 95°C (20 seconds) - Primer attachment 50°C
(20 seconds) - DNA elongation 72°C (30 seconds). PCR results were observed
using 0.8% agarose gel electrophoresis. PCR success was indicated by a single

band of 709 bp.
Sequencing

Sequencing was performed both ways using each PCR primer by First Base C.O.
(Malaysia). Chromatograms were edited using Geneious Primer v2023.1.2.

Alignment uses the MUSCLE algorithm (Edgar, 2004).
Phylogenetic and sequence divergence analyses

The phylogenetic trees, conducted in Mega 11 (Stecher et al., 2020; Tamura et al.,
2021), was constructed using the Neighbor-Joining (Saitou and Nei, 1987). The

optimal tree is shown.
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RESULTS AND DISCUSSION

This study analyzed 10 nucleotide sequences from Minahasa’s owl, Otus
manadensis, specimens along with seven representative sequences from other
regions. The alignment of the COI gene sequences consisted of 537 positions. All
nine sequences of the Otus manadensis specimens were retrieved from GenBank

(http://www.ncbi.nlm.nih.gov/Genbank) (Table 1). The COI gene sequence

alignment, including sequences from Otus manadensis and representative
specimens from other regions, was examined using the Neighbor-Joining (NJ)
method, which identified two primary clusters (Figure 1).

Table 1 List of eight specimens owls from GenBank

Species Country/Continent Accesien
numbers
Otus longicornis The Phillipine OM937294.1
Otus madagascariensis Madagascar OM937295.1
Otus elegans Japan AB842983.1
Otus scops Europe KY471456.1
Otus sunia Oriental ONO016106
Otus scops cyprius Cyprus KT803674
Otus hartlaubi Africa 0Q272185.1
Otus feae Equatorial Guinea 00Q272267.1




GORTERIA ISSN: 0017-2294

65(2)

0.01
OM937294.1 Otus longicornis (Filipina)

.01
0.00 OM937295.1 Otus madagascariensis

0.01 .
Otus menadensis

0.00

0.01

ABB842983.1 Otus elegans (Jepang)

0.00
KY471456.1:5406-6956 Otus scops mitochondrion sequence

0.04

00
ONO016106.1 Otus sunia

0.01
—— KT803674.1 Otus scops cyprius

0.01
0.01 0Q272185.1 Otus hartlaubi

0.00
0.01
0Q272267.1 Otus feae

Tyto Minahasa 2023 (Hapry dkk)

Figure 1 The tree was inferred using the Neighbor-Joining method [Sitou and Nei, 1987]. This analysis
involved 10 nucleotide sequences with Tyto Minahasa as outgroup.. All ambiguous positions were
removed for each sequence pair (pairwise deletion option). There were a total of 537 positions in

the final dataset. Evolutionary analyses were conducted in MEGA11 [Tamura et al., 2021]
[Stercher et al., 2020]

The phylogenetic analysis of COI sequences for Otus manadensis in this
study revealed distinct clustering patterns, consistent with previous findings.
Earlier research has demonstrated a clear phylogenetic separation between the
Common Barn Owl (7yto alba) and the typical owls (Otus manadensis), which

strongly support significant divergence between the Otus and Tyfo clades.




GORTERIA ISSN: 0017-2294
65(2) ]

The results further corroborate genetic differentiation among Ofus
manadensis populations from Continental Asia, Africa, and southern Europe, as
reported in earlier studies (Wink et al., 2011; Aliabadian et al., 2013). Notably, the
phylogenetic topology also highlights a clear separation between Otus
manadensis, morphologically similar owls from the Philippines and African
species (Otus hartlaubi and Otus feae). Cumulative molecular evidence supports
the classification of these clades as distinct species. However, further integrative
studies encompassing morphological, molecular, and acoustic data are required to
fully elucidate these taxonomic distinctions.

The genetic distances observed among populations of typical owls from
regions outside Minahasa, ranging from 0.06% to 3.5% (Table 2), are consistent
with expected patterns of genetic differentiation. These findings highlight
significant genetic divergence in Otus manadensis across its geographic range,
with pronounced differentiation among populations from widely separated
regions. The data suggest that the Manguni Minahasa population may represent a
distinct species, separate from other members of the Otonini tribe. This evidence
supports the classification of Manguni Owls as a separate species, and based on
the observed genetic divergence, the designation of Otus manadensis as a distinct
species is proposed.

The sequence variation observed in Otonini tribes, including Otus
manadensis from Minahasa, compared to populations from other continents, is
consistent with the average intraspecific genetic distance reported for birds, which
typically ranges between 0.23% and 0.43% (Aliabadian et al., 2013; Hebert et al.,
2004; Kerr et al., 2007, 2009). These values are comparable to those documented
for other owl species analyzed using COI sequence data, which report an average

genetic distance of less than 2% (Nijman and Aliabadian, 2013).
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Table 2. Estimates of Evolutionary Divergence between Sequences

1 2 3 4 5 6 7 8 9 10
1 0OM937294.1_Otus_longicornis_(Filipina)
2 Otus_menadensis 0,0222
3 OM937295.1_Otus_madagascariensis 0,0203 0,0227
4 AB842983.1_Otus_elegans_(Jepang) 0,0251 0,0223 0,0243
3 :f‘)‘;:ii;ig;lsf;g%mimchondrionﬁsequence 0,0267 0,0270 0,0196 0,0220
6 ON016106.1_Otus_sunia 0,0270 0,0276 0,0198 0,0226 0,0006
7 KT803674.1_Otus_scops_cyprius 0,0341 0,0292 0,0339 0,0337 0,0320 0,0326
8 0Q272185.1_Otus_hartlaubi 0,0315 0,0310 0,0358 0,0311 0,0334 0,0340 0,0174
9 0Q272267.1_Otus_feae 0,0297 0,0318 0,0339 0,0324 0,0315 0,0322 0,0187 0,0133
10 Tyto_Minahasa_2023_(Hapry_dkk) 0,1253 0,1319 0,1295 0,1277 0,1304 0,1317 0,1331 0,1317 0,1278

Previous studies have often attributed high levels of sequence divergence to
potential taxonomic artifacts, emphasizing the need for further taxonomic
scrutiny. For example, Hebert et al. (2004) reported intraspecific divergences
ranging from 3.7% to 7.2% in four of 260 North American bird species, while Kerr
et al. (2009) documented sequence divergences exceeding 2.4% in 13 of 389 bird
species from Argentina. These patterns of divergence have been linked to factors
such as disjunct ranges, ecological variation, non-migratory behavior, and rapid
speciation (Kerr et al., 2009).

In the case of Otus manadensis, geographical barriers to gene flow among
populations across continents are anticipated, given its predominantly non-
migratory or short-distance migratory behavior (Matics, 2003), which likely
facilitates genetic divergence. However, contrary to expectations, all Otus
manadensis analyzed in this study exhibited significant genetic similarity, with no
notable divergences detected. This observation underscores the need for further
analyses using additional molecular markers to confirm the findings.

In conclusion, this study highlights significant intraspecific COI sequence

divergence in Otus manadensis across its geographic range, exceeding previous
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records for Strigiformes. The findings suggest that geographic barriers and
ecological diversity contribute to genetic differentiation, despite the species' non-
migratory nature. Further research integrating ecological, morphological, and
genetic data is necessary to understand the evolutionary processes and reassess the
taxonomic classification of Minahasa owl populations. This comprehensive

approach will aid in accurate species identification and conservation efforts.
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